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Background: Ameloblastoma is one of the most common benign odontogenic neoplasms. Its surgical
excision has the potential to lead to postoperative malocclusion. In this case report, we describe the
successful interdisciplinary orthodontic treatment of a patient with ameloblastoma who underwent marginal
mandibulectomy.
Case presentation: A woman of 20-year-old was diagnosed with ameloblastoma, and underwent marginal
mandibulectomy when she was 8 years of age. She had an excessive overjet (11.5 mm) and a mild open bite
(− 1.5 mm) with a severely resorbed atrophic edentulous ridge in the area around the mandibular left lateral
incisor, canine and first premolar. An alveolar bone defect associated with tumor resection was regenerated
by vertical distraction osteogenesis (DO). Subsequently, 3 dental implants were placed into the reconstructed
mandible. Orthodontic treatment using implant-anchored mechanics provided a proper facial profile with
significantly improved occlusal function. The occlusion appeared stable for a 7-year retention period.
Conclusions: These results suggest that surgically assisted and implant anchored-orthodontic approaches
might be effective for the correction of such malocclusions.
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Ameloblastoma, which is one of the most common
benign odontogenic neoplasms, generally presents in
the jaw bone. It accounts for approximately 1% of
oral tumors and cysts of the jaw. Approximately 80%
of ameloblastomas occur in the mandible, mainly in
the third molar region [1, 2]. With regard to the
treatment of ameloblastoma, surgical excision with
surrounding tissues is still the general approach since
it clinically appears as an aggressive, asymptomatic,© The Author(s). 2020 Open Access This artic
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[3, 4].
Patients with ameloblastoma who undergo surgical
excision frequently show postoperative malocclusion
because the teeth adjacent to the tumor should be ex-
tracted or are displaced by tumor growth. Addition-
ally, the resorptive pattern of the jaw after the
dentition has been lost, which often leads to a vertical
alveolar discrepancy. An interdisciplinary approach for
the reconstruction of the dentofacial region has been
proposed to overcome the aesthetic and functional
disabilities caused by surgical excision. Orthodontic
treatment can provide an important role in creating
an optimum occlusal relationship and sufficient space
to allow for successful reconstruction of the affected
region of the jaw in this interdisciplinary approachle is licensed under a Creative Commons Attribution 4.0 International License,
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Fig. 1 Pre-treatment recordings. a Extraoral photographs. b Intraoral
photographs. c A panoramic radiograph. d A lateral cephalogram. e
A posteroanterior cephalogram
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interdisciplinary orthodontic treatment to optimally
address the underlying dentofacial problems after the
surgical removal of ameloblastomas in adolescents,
since the tumor is considered a rarity in young
people, who account for approximately 10–15% of all
reported cases [6, 7].
We herein describe the successful orthodontic occlusal
reconstruction of a patient with ameloblastoma ablation
who demonstrated Class II malocclusion with an exces-
sive overjet, open bite, and a severely resorbed atrophic
edentulous ridge in the area around the mandibular left
lateral incisor, canine and first premolar. This case re-
port provides further evidence of the validity of ortho-
dontic occlusal reconstruction by the concomitant use of




A woman of 20 years and 2months of age was referred
to the Department of Orthodontics in Okayama Univer-
sity Hospital. She was diagnosed with ameloblastoma
and underwent marginal mandibulectomy from the
distal surface of the left central incisor to the left first
premolar when she was 8 years of age. Her chief com-
plaints were protruding maxillary incisors, functional
disability, and aesthetic impairment due to surgical
ablation. Extraoral examination showed that she had a
symmetrical face, convex facial profile, an acute naso-
labial angle, and protruded and incompetent lips
(Fig. 1a). Intraoral examination revealed an excessive
overjet of 11.5 mm combined with a mild open bite
of − 1.5 mm. Angle Class I molar relationships were
observed on both sides, while the incisor relationship
was Class II. Although the maxillary dental midline
almost coincided with the facial midline, the man-
dibular dental midline had deviated 2.0 mm toward
the left of facial midline (Fig. 1b). Severe gingival re-
cession was detected in the left lower central incisor.
A dental panoramic tomogram confirmed root canal
therapy on the lower incisors, and the absence of the
lower left lateral incisor, canines, and first premolar,
which was associated with ameloblastoma excision
(Fig. 1c). The patient exhibited symptoms of temporo-
mandibular disorder with a reciprocal clicking on the
right side without pain. The interincisal distance on
maximum mouth opening without pain was 49 mm.
An occlusal-force recording system (Dental Prescale
and Occluzer, Fuji Film, JAPAN) calculated that the
occlusal force and occlusal contact area were 571 N
and 13.4 mm2, respectively (Table 1).
The cephalometric examination of the patient indi-
cated a skeletal Class II jaw-base relationship due to therelatively anterior position of the maxilla (ANB, 9.0°;
SNA, 85.5°; SNB, 76.5°) with a steep mandibular plane
angle (FMA, 36.0°) (Table 2) compared to the Japanese
female norms [8]. The upper lip position was protruded
against the aesthetic E-line (E-line to upper lip, + 3.5
mm), which was possibly associated with the labial in-
clination of the upper incisors (U1-FH, 127°: Table 2).
An optoelectronic jaw tracking system with 6-degrees-
of-freedom (Gnathohexagraph system, Ono Sokki Ltd.,
JAPAN) [9] showed the unstable motion of the mandible
and both sides of the condylar heads during maximum
opening and closing, protrusive excursion, or lateral ex-
cursion of the jaw movements (Fig. 2a). Unstable pat-
terns of jaw movement were noted in a chewing test
(Fig. 2b).
Treatment objectives
The patient was diagnosed with a skeletal Class II
jaw-base relationship due to the anteriorly positioned
maxilla, protruding upper incisors with an open bite,
and vertical defects of the edentulous ridge on the
mandible caused by the marginal mandibulectomy for
ameloblastoma. Alveolar distraction osteogenesis (DO)
was planned for the atrophic edentulous ridge in
order to obtain adequate vertical bone height and
allow the optimal placement of a dental implant with
bone augmentation as the first step in the overall
treatment (Fig. 3a, b). The second step of treatment
Table 1 The changes in the occlusal function following orthodontic occlusal reconstruction
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crepancy, improve facial esthetics, create functional
and aesthetic occlusion, and correct an excessive
overjet with mild anterior open bite by retracting the
upper incisors. In this case, the extraction of upper
first premolars were effective to achieve the treatment
objectives. Using skeletal anchorage could be consid-
ered to achieve maximum anchorage reinforcement.
Treatment alternatives
The limited height of the dentate mandible could be a
particular problem, especially when rehabilitation withTable 2 A summary of the cephalometric findings
Occlusal force (N) Occlusal contact area (mm 2)
Pretreatment 571 13.4
Posttreatment 763 13.2dental implants is contemplated. Alternative treatment-
for vertical defects of the edentulous ridge include the
use of bone grafting. The treatment of choice was previ-
ously considered the gold standard, however, their use
required not only second-site surgery with possible
donor site morbidity, but also the additional oral dys-
function. This method also has the disadvantages of
undergoing resorption and contraction of adjacent soft
tissues, particularly during the initial 6 months [10]. Fur-
thermore, there is a higher risk of surgical site infection
in comparison to alveolar DO [11]. A conservative pros-
thodontic option does not allow the insertion of regular
Fig. 2 The pre-treatment condylar motion and incisal paths. a Maximum open-close and excursive movements. b Unilateral and free chewing
movements. The colors in red and blue lines indicate the opening and the closing phase, respectively
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lar ridge. Insufficient vertical height of the mandible also
leads to overloading of osseointegrated implants, which
may influence the long-term prognosis of the prosthetic
restoration. She and her family decided to undergo verti-
cal DO with interdisciplinary orthodontic treatment after
a thorough discussion.Treatment progress
Before the osteodistraction procedure, the patient’s
lower central incisors and the lower right deciduous ca-
nine were extracted because of the extensive periodontal
damage and poor prognosis (Fig. 3c-d). Alveolar DO was
performed in the vertical direction using a bone plate
type distractor (Track-Plus; KLS/Martin, Jacksonville,
FL, USA) corresponding to the expected distraction dis-
tance of 12 mm over 4 weeks, and the consolidation
period was 16 weeks. After alveolar DO, intraoral photo-
graphs showed simultaneous osteogenesis and neohisto-
genesis (Fig. 3e). The distraction devices were removed
under general anesthesia (Fig. 3f). Newly formed bonewas confirmed by panoramic radiograph and dental ra-
diographs (Fig. 3g-i).
The second step of orthodontic treatment was initi-
ated to correct the antero-posterior discrepancies by
retracting the upper anterior incisors when the
patient was 23 years and 1 month of age (Fig. 4a).
Figure 4b is a schematic illustration showing the sec-
ond step of the orthodontic treatment plan. Prior to
start the second step of orthodontic treatment, 3
dental implants were placed into the reconstructed
mandible. Following the extraction of the maxillary
first premolars, a 0.018-in. slot pre-adjusted edgewise
appliance with a 0.016-in. nickel-titanium (Ni-Ti) wire
was placed in the both arches to initiate leveling (Fig. 4c).
Three months later, the upper and lower wires were chan-
ged to a 0.016 × 0.022-in. Ni-Ti arch wire. Five months
after leveling and alignment, the abutments were con-
nected with the dental implants, and the provisional pros-
thesis was cemented on the implant abutments utilized as
an absolute anchorage to protract the lower molars. Sim-
ultaneously, a 0.016-in. stainless steel (SS) archwire was
placed to retract the upper canines using 100-g Ni-Ti
Fig. 3 The treatment progress during alveolar distraction
osteogenesis (DO). a A schematic illustration of the alveolar DO. b
Three-dimensional prediction of the postoperative outcome with
computed tomography. c Before alveolar DO. d After surgery for
alveolar DO. e After the completion of alveolar DO. f After the
surgical removal of instruments for alveolar DO. g-i Representative
dental radiographs showing gradual changes in the alveolar bone
during treatment. g Pre-treatment (h) After the completion of the
alveolar DO. i After the surgical removal of the instruments for
alveolar DO
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first molars were initiated after achieving the leveling and
alignment of the mandibular arch. Two miniscrews
(Absoanchor®; Dentos Ltd., Daegu, Korea) were inserted
with the distal alveolus of the maxillary first molars to
provide anchorage reinforcement. After the completion of
upper canine retraction, a 0.016 × 0.022-in. SS archwire
was installed to retract the upper incisors and complete
the remaining space closure using closing-loop mechanics
(Fig. 4e). Finishing and detailing was conducted with
0.017 × 0.025-in. SS wires in both arches. The total period
of the second step of treatment was 56months. Appli-
ances were removed, and a lingual fixed retainer com-
bined with a removable retainer was delivered in the
upper arch.Treatment results
The comprehensive orthodontic treatment improved
the facial profile with a favorable change in the lip
posture and balance (Fig. 5a). Class I molar and ca-
nine relationships were obtained on both sides with
normal overjet and overbite. The post-treatment
intraoral photographs also showed well-aligned denti-
tion (Fig. 5b). A panoramic radiograph indicated ac-
ceptable root paralleling and no obvious apical root
resorption, except slight root resorption in the upper
central incisors (Fig. 5c). Post-treatment cephalomet-
ric radiographs and superimpositions showed no
marked skeletal changes (Figs. 5 d-e, and 6). The re-
duction of the excessive overjet was achieved by the
lingual inclination of the upper incisors to camouflage
skeletal Class II jaw-base relationship (Table 2).
The pattern of the jaw movement revealed that the
motion of the condylar head on both sides was stable
with a good locus in the maximum open-close and
excursive motions (Fig. 7a). A unilateral and free
chewing gum test showed more stabilized motion of
both condyles and lower incisors (Fig. 7b). The occlusal
force slightly increased after the post-treatment period
(Table 1).
The improved facial profiles achieved by the inter-
disciplinary orthodontic treatment were maintained
after 24 months of retention. Intraoral photographs
also showed that the acceptable occlusion with ad-
equate overbite and overjet had been maintained with
the exception the upper left molars (Fig. 8). Peri-
implant soft tissues showed a healthy status. A post-
retention cephalometric evaluation and superimposed
cephalometric tracing showed no marked skeletal
changes (Fig. 9). The overjet was slightly increased
due to proclination of the upper incisors (Table 2).
Follow-up at 7-years of retention confirmed that the
patient’s occlusion was maintained. At present, she is
still being followed (Fig. 10).
Discussion
Alveolar DO is an efficient method for correcting al-
veolar deformities in ridge height and width [12, 13].
The principle of DO was established in the 1950s by
the studies of Ilizarov, who showed that osteogenesis
can be induced if bone is distracted along its long
axis [14]. After corticotomy of the mandibular alveo-
lar and rigid fixation with external devices, a callus
develops between bone segments during slow activa-
tion at the distraction gap, and the newly formed
callus matures to bone by fixation. This technique
provides high-quality newly formed bone with im-
proved bone dimensions in the vertical or horizontal
aspects. We showed the orthodontic treatment of a
patient with an atrophic edentulous ridge due to the
Fig. 4 The treatment progress during comprehensive orthodontic treatment. a The pre-treatment cephalometric tracing superimposed on an
average profilogram b A schematic illustration of the comprehensive orthodontic treatment. c At the initiation of leveling. d At the initiation of
simultaneous mandibular molar mesialization and maxillary canine retraction. e At the start of maxillary incisors retraction
Fig. 5 The post-treatment recordings. a Extraoral photographs. b
Intraoral photographs. d A panoramic radiograph. c A lateral
cephalogram. e A posteroanterior cephalogram
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ledge, the present study represents the first report of
interdisciplinary orthodontic treatment including al-
veolar DO, which achieved long-term stability and an
assessment of the stomatognathic function.
Implant-supported oral rehabilitation in atrophic
edentulous areas has always been a challenge, particu-
larly in the mandible, due to an insufficient bone vol-
ume to place implants of adequate dimensions and
the presence of the inferior alveolar canal. Orthodon-
tic tooth movement into the edentulous area is a pos-
sible option for enhancing the buccolingual ridge
dimensions to serve as an implant site [15, 16]. We
initially used an implanted prosthesis as an orthodon-
tic anchorage to accomplish absolute mesial move-
ment of the lower molars for both an adequate
occlusal relationship and a progressive increase in
bone volume, and secondarily as an abutment for a
fixed prosthesis for maintaining the new-formed bone.
It appears that the subsequent bone remodeling by
orthodontic tooth movement also provided favorable
dental implant therapy at the resorbed atrophic eden-
tulous ridge at which marginal mandibulectomy had
been performed. A previous report demonstrated the
positive periodontal and functional findings in teeth
that were orthodontically moved into edentulous areas
[17]. However, in this procedure lateral root resorp-
tion should be considered as an inevitable side-effect,
whereas apical root resorption is less common [18].
Fig. 6 The superimposed cephalometric tracings at pre-treatment (black) and post-treatment (red). a The overall superimposition on sella-nasion
plane at the sella. b The superimposition on palatal plane at the ANS. c The superimposition on mandibular plane at the menton
Fig. 7 The post-treatment condylar motion and incisal paths. a Maximum open-close and excursive movements. b Unilateral and free chewing
movements. The colors in red and blue lines indicate the opening and the closing phase, respectively
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Fig. 8 Two-year retention recordings. a Extraoral photographs. b
Intraoral photographs. c A panoramic radiograph. d A lateral
cephalogram. e A posteroanterior cephalogram
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tional occlusion was achieved following the combined
orthodontic and prosthodontic treatments. Such im-
provements might be explained by the correction of
the excessive overjet and open bite for creating moreFig. 9 The superimposed cephalometric tracings at post-treatment (red) an
sella-nasion plane at the sella. b The superimposition on palatal plane at thstable jaw movement. In the present case, we used a
miniscrew in the upper arch because maximum an-
chorage was required to retract the upper anterior
teeth sufficiently. However, the superimposed cephalo-
gram tracings at pre-treatment/post-treatment illus-
trated the extrusion of the upper first molars, which
was possibly associated with the clockwise rotation of
the mandible. Vertical control of the maxillary molars
with miniscrew-aided mechanics might have been
considered to be the more appropriate treatment
choice [19]. This method would have led to the auto-
rotation of the mandible in the counterclockwise dir-
ection, thereby increasing the overbite and improving
the convex profile. The increased duration of second
phase orthodontic treatment was affected by the ces-
sation of treatment due to her hospitalization for
pregnancy and miscarriage. The associated difficulties
in physical and mental health probably added 1 year
to the treatment time.
Post-treatment stability is another concern after the
correction of excessive overjet and an open bite. With
the exception of the buccally inclined maxillary second
molars, favorable results were maintained after the 7-
year postretention. On the other hand, further observa-
tion is also required because of uncertainty about the
long-term prognosis of the area where the ameloblas-
toma was removed. Past reports have indicated that
long-term follow-up is important, especially in the con-
servative treatment of unicystic ameloblastoma, due to
the high rate of recurrence after tumor removal [20].d two-year retention period (green). a The overall superimposition on
e ANS. c The superimposition on mandibular plane at the menton
Fig. 10 Seven-year retention recordings. a Extraoral photographs. b Intraoral photographs
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which was the preferred option for the management of
recurrence [21], routine follow-up will be needed for a
long time as part of the interdisciplinary approach.
Conclusions
Our findings in this case report suggest that surgically
assisted- and implant anchored-orthodontic treatment
might be effective for occlusal reconstruction in a pa-
tient with a severely resorbed atrophic edentulous ridge.
In addition, such an interdisciplinary approach has the
potential to ensure the substantially improving the
health and quality of life of patients with ameloblastoma
ablation.
Abbreviations
DO: Distraction osteogenesis; Ni-Ti: Nickel-titanium; SS: Stainless steel
Acknowledgements
Authors would like to thank Yasuyo Sugawara from Department of
Orthodontics, Okayama University Graduate School of Medicine, Dentistry
and Pharmaceutical Sciences, Toru Deguchi from Division of Orthodontics,
The Ohio State University College of Dentistry, Columbus, OH, USA, Aya
Kimura-Ono and Takuo Kuboki from Department of Oral Rehabilitation and
Regenerative Medicine, Okayama University Graduate School of Medicine,
Dentistry and Pharmaceutical Sciences, Masaharu Mitsugi from Department
of Oral and Maxillofacial Surgery and Plastic Surgery, Kagawa Prefectural Cen-
tral Hospital, Akira Sasaki from Department of Oral and Maxillofacial Surgery,
Okayama University Graduate School of Medicine, Dentistry, and Pharma-
ceutical Sciences, Teruko Takano-Yamamoto from Division of Orthodontics
and Dentofacial Orthopedics, Tohoku University Graduate School of Dentistry,
Sendai, Japan, and Takashi Yamashiro from Department of Orthodontics and
Dentofacial Orthopedics, Osaka University Graduate School of Dentistry, Suita,
Japan, who provided valuable advice for this case report.
Authors’ contributions
YI contributed to planning of the treatment, performing orthodontic
treatment, and writing the manuscript. HA contributed to performingprosthodontic treatment. AN contributed to managing the orthognathic
surgery. HK contributed to planning of the treatment, and editing the
manuscript. All authors read and approved the final manuscript.
Funding
Not applicable.
Availability of data and materials
Not applicable.
Ethics approval and consent to participate
Not applicable.
Consent for publication
The patient provided informed consent to publish this all presentations of
case reports.
Competing interests
The authors declare that they have no competing interests.
Author details
1Department of Orthodontics, Okayama University Graduate School of
Medicine, Dentistry and Pharmaceutical Sciences, 2-5-1 Shikata-cho, Kita-ku,
Okayama 700-8525, Japan. 2Department of Oral Rehabilitation and
Regenerative Medicine, Okayama University Graduate School of Medicine,
Dentistry and Pharmaceutical Sciences, Okayama, Japan. 3Department of Oral
and Maxillofacial Surgery, Okayama University Graduate School of Medicine,
Dentistry, and Pharmaceutical Sciences, Okayama, Japan.
Received: 22 November 2019 Accepted: 21 May 2020
References
1. Becelli R, Carboni A, Cerulli G, Perugini M, Iannetti G. Mandibular
ameloblastoma: analysis of surgical treatment carried out in 60 patients
between 1977 and 1998. J Craniofac Surg. 2002;13:395–400.
2. Sampson DE, Pogrel MA. Management of mandibular ameloblastoma:
the clinical basis for a treatment algorithm. J Oral Maxillofac Surg. 1999;
57:1074–7.
3. Carlson ER, Marx RE. The ameloblastoma: primary curative surgical
management. J Oral Maxillofac Surg. 2006;64:484–94.
Ishihara et al. Head & Face Medicine           (2020) 16:12 Page 10 of 104. Mendenhall WM, Werning JW, Fernandes R, Malyapa RS, Mendenhall NP.
Ameloblastoma. Am J Clin Oncol. 2007;30:645–8.
5. Tomita Y, Kuroda S, Takahashi T, Ohura R, Tanaka E. Orthodontic occlusal
reconstruction after conservative treatment of unicystic ameloblastoma in
an adolescent patient: 10-year follow-up. Am J Orthod Dentofac Orthop.
2013;144:466–70.
6. Keszler A, Dominguez FV. Ameloblastoma in children. J OralMaxillofac Surg.
1986;44:609–13.
7. Ueno S, Nakamura S, Mushimoto K, Shirasu R. A clinicopathologic study of
ameloblastoma. J Oral Maxillofac Surg. 1986;44:361–5.
8. Wada K, Matsushima K, Shimazaki S, Miwa Y, Hasuike Y, Sunami R. An
evaluation of a new case analysis of a lateral cephalometric roentgenogram.
J Kanazawa Med Univ. 1981;6:60–70.
9. Ishihara Y, Kuroda S, Sumiyoshi K, Takano-Yamamoto T, Yamashiro T.
Extraction of the lateral incisors to treat maxillary protrusion: quantitative
evaluation of the stomatognathic functions. Angle Orthod. 2013;83:341–54.
10. Verhoeven JW, Ruijter J, Cune MS, Terlou M, Zoon M. Onlay grafts in
combination with endosseous implants in severe mandibular atrophy: one
year results of a prospective, quantitative radiological study. Clin Oral
Implants Res. 2000;11:583–94.
11. Chiapasco M, Lang NP, Bosshardt DD. Quality and quantity of bone
following alveolar distraction osteogenesis in the human mandible. Clin
Oral Implants Res. 2006;17:394–402.
12. McCarthy JG, Schreiber J, Karp N, Thorne CH, Grayson BH. Lengthening the
human mandible by gradual distraction. Plast Reconstr Surg. 1992;89:1–8.
13. Jamilian A, Showkatbakhsh R, Behnaz M, Ghassemi A, Kamalee Z, Perillo L.
Tooth-borne distraction osteogenesis versus conventional Le fort I in
maxillary advancement of cleft lip and palate patients. Minerva Stomatol.
2018;67:117–24.
14. Ilizarov GA. The tension-stress effect on the genesis and growth of tissues.
Part I. the influence of stability of fixation and soft-tissue preservation. Clin
Orthop Relat Res. 1989;238:249–81.
15. Roberts WE, Marshall KJ, Mozsary PG. Rigid endosseous implant utilized as
anchorage to protract molars and close an atrophic extraction site. Angle
Orthod. 1990;60:135–52.
16. Chiu G, Chang C, Roberts WE. Interdisciplinary treatment for a compensated
class II partially edentulous malocclusion: orthodontic creation of a posterior
implant site. Am J Orthod Dentofac Orthop. 2018;153:422–35.
17. Diedrich PR, Fuhrmann RA, Wehrbein H, Erpenstein H. Distal movement of
premolars to provide posterior abutments for missing molars. Am J Orthod
Dentofac Orthop. 1996;109:355–60.
18. Lindskog-Stokland B, Hansen K, Ekestubbe A, Wennström JL. Orthodontic
tooth movement into edentulous ridge areas--a case series. Eur J Orthod.
2013;35:277–85.
19. Shirasaki K, Ishihara Y, Komori H, Yamashiro T, Kamioka H. Novel approach
to simultaneous molar intrusion and canine retraction in the treatment of
anterior open bite using miniscrew anchorage. Dental Press J Orthod. 2020;
25. In press.
20. Nakamura N, Higuchi Y, Mitsuyasu T, Sandra F, Ohishi M. Comparison of
long-term results between different approaches to ameloblastoma. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod. 2002;93:13–20.
21. Pogrel MA, Montes DM. Is there a role for enucleation in the management
of ameloblastoma? Int J Oral Maxillofac Surg. 2009;38:807–12.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
